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Bio-gas Production From Alligator Weeds 


I^boratoi’y i-xperimerts •wore conducted to study the effect of temperature, 
sample preparation, reducing agents, light intensity and p'i of the media^on 
bio-gas and meth.'tno production from the microbial anaerobic decomjxjsition of 
alligator weed i (A1 ternanthera p hilox e roides f Kart.J Griesb.)* Kffox-ts wore 
also Hiade for the isolation and characterization of the met.hariogonic bacteria, 
responsible for methane ]>roduction. Briefly, methodology and results are jjI'c- 
sent'^d as follows; 

Material s and Met hods 

Alligator weeds were collected from a water cooling pond located at Cros- 
by Chemical Comjiany, Picayxine, Mississippi. Hai'vcstlng was done manually by 
rakes and the plants were transported to the Alcorn State University C.impus 
in plastic bags. Gevei-al fennentation units were constructed to conduct exp- 
eriments to evaluate the effect of temperature, sajnple prejwiration, light in- 
tensity, reducing agents, and pH of the media, on the production oi' bio-gas 
and methane fx*om the microbial .-inaeiobic dccomjositlon of alligator weeds. 

A fermentation unit was constructed as follows: A large Coke bottle (V'/O 

ml) v/as sealed to the atmosphere with two hole j-ubber stopper. One outlet 
was fitted with a rubber septum for gas chromatogi'aphic sampling, and the ot-* 
her outlet was connected with plastic tubing to a sealed container filled with 
water acidified with sulfux’ic acid. The displacement of water in the second 
container by bio-gas produced in the fementatlon bottle provided a conveni- 
ent method of measuring the voliune of bio-gas produced. Sa;nplcs for gas 
chroiratogj-aphic analysis wei’o taken tlu’ough the i-vjbber septum. Perkins Klmer 
811 Gas Chromatographs was used io estimate the methane content of the bio- 



Alligator weeds were chopped into approximately one inch long pieces and 
placed in fenm-ntation bottles. Fach fennentation bottle had 250 gram(wet 
weight) chopped plants, 20 ml of fresh rumen content fnxn the cow's stcxnach 
and 250 ml of water. The purpnaso of adding inoculum from the riiinen content 
was to initiate an aerobic decomjositi on-process and supply methanogenic bac- 
terial populations. Since absolute anaerobic conditions are necessaiy for 
the growth of methanogenic bacteria, all units, once scaled, were not distur- 
bed. A sealant was used to insure air-tigiitness around the tubes and rubber 
stoppor. There were five treatments. Each treatment v/as i-epl Icated four times. 
The detail of various treatments is given below. 

Tre attii«>nt N o. 1; Temperatur e 

Four fermentation units were placed in an incubator maintained at 35*’C 
and four other units were incubated at room temperature (24®C 2 3®C). 

Trea tment No. 2 J^amplje.Pjeparati^^^ 

Tn one experiment plants were chopjped into app)rox5ii.ately onc-inch long 
pieces. In the second, plants were blended Into a sluri'y fom and in the third 
experiment, the plants were first boiled in water for one hour and then blen- 
ded into a slurry form. 

Treatment No. 3; T.ipht Intensit y 

In one experijnont, four fermentation bottles were placed under bright 
light piroduced by fluorescent tubes(A00 W). Tn the second, fermentation 
bottles A '6 covered by aluminum foil to prevent exposure to light. Tn the 
third exporiment, tlio fermentation bottles were left in the laboi-atoi-y under 
ordinaiy light. 

Treatment No . /» : Re duci ng Agen ts_ 


Cyatoine sulfide and cysteine hydrochlorl de were usfd as reducing agents. 
Cysteine sulfide was added to four fermentation bottles at the rate of 2 ml 
p«ir 100 ml media whereas cysteine hydrochloride was added to the other four 
bottles at ‘he same rate. Tire concentration of reduclrrg agents was 2.J>5C. A 
control without the addition of reducing agents was also itial nt al ned . 

Treatment No. 5* rnffect of p H 

Tlio effect of pH was determined by adjusting the Initial pH of liquid 
content In each fermentation bottle to 7, P, and 9 r’ospectively by the addi- 
tion of sodium hydroxide. A control was trialntalned wlilch had a pH of 6.6 . 

All the experiments were conducted at room temper’ature(2/»®C +; 3"C) with 
the exception of experiments of treatment number 1, In which the Incubation 
temjKjrature for one experiment was 3?°C. Tn all the experiments plants wei-e 
chopped Into approximately onc-lnch long pieces with the exception of treat- 
ment number 2, whore plants were blended into a sluri'y form with and without 
boiling the plants. Fach feimontation bottle had 250 gi-am(wet weight) alli- 
gator weeds, 20 ml of fresh rumen content and 250 ml ^ater. 

Isolation and Characteriz ation of Mothan or'cn ic Bacteria 

Camples for bacterial Isolation and chai’acterl zatlon were taken from those 
femenlation units which harf produced the highest amount of bio-gas and me- 
thane during anaerobic deconqxjsition of alligator weeds. These units were these 
which were Incubated at 35°C and those In which the initial pH of the liquid 
media v;as adjusted to 9. During the process of isolating pure cultures from 
these anaerobic microorganisms, sti’ict anaerolic conditions were maintained 
as described by Bryant ot al. The {iroccss of Isolation and characterization 
is still in progress . Th'" result of this study vill be i-ejxjrted in the ann- 
ual report which will be submitted in May 1977- 
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R esults s 

The data from the various experiments wlilch wore conducted to study the 
effect of temperature, saniple preparation, reducing agents, light intensity 
and pH of the media on bio-gas and methane production from the microbial 
anaerobic decomposition of alligator weeds, ai*e presented in Tables 1, 2, 

5, 4, and 5 respectively. 

Temperature 

Effect of temj)crattire on the rate and amount of bio-gas px-oduction as well 
as on the percentage of methane in the bio-gas was vexy px’omlnent (Table 1). 

Increasing incubation temperature of the fonnentation units from 24 °C J, 3°C 
to 35°C increased not only the i*ate of bio-gas production but also the methane 
I>ei’centage in the bio-gas. The methane content of total bio-gas was increast.»d 
from ^(^.1% to 66.0^ by increasing the incub.ation tempex-ature to 35°C. Further 
more higher tempc’rature also decreased the lag time between the production of 
bio-gas and pi’oductlon of methane gas. 

■*lamp le Prep ara tion 

Data pi’esented in Table 2, I'uveal ed that safnple prej)aration, (alligator 
weeds chopped, blended, and boiled and blended) had no effect on the total bio- 
gas production. However the methane pxoduction from samples which were boiled 
and blended, vis x’cducod to a great extent {kl •'!%) when com^iax-ed with chopped 
or blended saxnples (5E.l^ and 62.1%). 

T .irht Intensity 

Comparison of the data from experiments in which fennentation units wex’e 
exposed to diffei'ent light intensity, in Table 3 I'cvcaled that total bio-gas 
produced under bright light was slightly higher when compared with ox-dinaiy 
light or dax’k conditions. On the other hand, methane content of the bio gas 

t 

- 4 - 



was more (66.61) when blo-gas was produced under darkness. 

Reducing Agents 

According to the data presented in Table A, addition of cysteine sulfide 
and cysteine hydrochloride to the feiinontatlon units had slightly increased 
both, the blo-gas ftrcductlon and p<<rcentage of methane in the blo-gas. 

Cysteine sulfide was sllglitly more effect than cysteine hydrochloride. 

Effect o f 

Data from the experiments in which pH of the liquid media in each fer- 
mentation unit was adjusted before anaerobic microbial decomjxjsition of the 
alligator weeds, are presented in Table 5« The data showed that Increasing 
pH of the media from 6.6 (control) to 7.0 had a slight decre; se In bio-gas pro- 
duction as well as In the methane content of the bio-gas produced. H'^waver 
when the pH of the media was Inci’oased to ^.0, there was a little effect on 
bio-gas production but methane content of the bio-gas produced was increased 
up to By further increase in the pH of the media to y.O, there v/as 

a significant increase in the blo-gas production as well as in the methane 
content of the bio-gas jiroduced. 



Table 1: Bio-gas and Methane Troduction From the Anaerobic necomposltlon 
of Alligator Weeds at Various Temperatures 


Tncui>ation Tcmperatiire 




21!£ 



No. Days 

Cum. 

Bi o-gas 
(ml) 

Cum. 

Mcjthane 

C\un. 

Bio-gas 

Cum. 

Methane 

Cmli 

P/inP3^q 

5 

0 



0 

20 

9 

12 

45 

0 

298 

168 

20 

353 

15 

1180 

613 

A2 

940 

503 

1495 

997 

60 

1351 

7B8 

1900 

1248 

B1 

2075 

1363 

2750 

1768 

102 

Oalculated Data! 

2726 


. 3233 . ... 

^llp 


- — 



% Methane 
1n Total Bio-gas 

5B.1 


66.0 


ml Bio-gas 
Per Gram 
V/et Wei gilt 

10.9 


12.8 


irl Methane 
Per Gr.'im 
Wc;t V/eight 




Pi.U 
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Table 2: Effect of Sample Prcj)aration on Bio-^as and Methane Production 
From the Anaerobic Decomposition of Alligator Weeds 




Chopped 

No. Days 
FI apsed 

Cum. 

Bio-i 

(mlJ 

Cum, 

gas Methane 

_ 0"T-) 

5 

0 

0 

12 

45 

0 

20 

353 

15 

42 

940 

503 

60 

1351 

788 

SI 

2075 

1363 

102 

2726 

15^4 

Calculated Data! 



% Methane 

In Total Blo-gas 

58.1 


ml Bio-gas 
Per Oram 

Wet Weight 

10.9 


ml Methane 
Per Orfjn 

Wet Weight 

„4.3 

« 



Blended 

Boiled ft 

1 

1 





Cum. 

Bio-gas 

(ml) 

Cum. 

Methane 

. XrOJ.. - 

Cum. 

Bi o-gas 

... in’ll 

Cum. 

Methane 

_ .("ill 

...X — ■— 

0 

0 

0 

0 

27 

0 

59 

0 

307 

39 

429 

78 

885 

426 

1141 

478 

1615 

896 

1739 

750 

2015 

1196 

2344 

1064 

2603 

1616 

2634 .. . 

126 i. 

62.1 


U7.7 


10.4 


10.6 




5^ 
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Table 3. Pio-gas and MoU.ane Production Form the Anaerobic Docoinjiosltlon 
of Alligator Weeds Under Different Idght Tntenaities 


Pritfh t 



Ciun. 

C<un. 

No. Days 

Bio-gas 

Motii.'tne 

K1 ^^s<*d^ 

- In'll - 

(mU 


5 

0 

0 

12 

39 

0 

20 

330 

17 

U 

968 

467 

60 

1390 

789 

PI 

2155 

1287 

102 

2PA0 

1797 

rilculated Data: 



% Methane 
in Total Bio-gas 

63.3 


ml Bio-gas 
Per Gram 
Wot Weight 

11 .4 


1 Meth.me 
''■?r Gr.-im 
V’et V/eight 

7.2 



Ordina ry Ta b Pwf'll 


Ciun. 

Bio-gas 

_Cn>l) - 

C\im. 

Hei.hane 

ImU. 

Cum. 

B1 o-gfiS 

, . .XmlJ 

Ciim. 

Metliane 

(mlj 

0 

0 

0 

0 

45 

0 

27 

0 

353 

15 

357 

24 

940 

503 

1067 

529 

1351 

788 

1377 

m 

2075 

1363 

2256 

1378 

2726 

1584 

2678 

1784 

58.1 


66.6 


10.9 


10.7 


6.3 


7.1 



Table ki Kffoct of Reducing Agents on Bio-gas and Methane Production 
Fx’om the Anaerobic Pecunposltion of Alligator Weeds 



Cvste 

Sul fi de 

Cystoi^’e 

Hydrochloride 


ConJ- rqi 

No. Pays 
. Flapsed _ 

Cum. 

Bi o-gas 

.^(diU 

Ciun. 

Met hane 

— (aij, 

Cum. 

Bi o-gas 

i>.ijL _ 

Cum. 

Methane 

Cum. C>im. 

Bio-gas Methane 

(ml) (ml) 

5 

0 

0 

0 



0 

0 

0 

12 

70 

2A 

50 

17 

45 

0 

20 

t>«A 

36A 

470 

307 

353 

15 

U2 

1315 

874 

1145 

729 

940 

503 

60 

1995 

1264 

1750 

1124 

1351 

788 

81 

2595 

1614 

2420 

1576 

2075 

1363 

JL02. 


-- _J804 

2870 


2726_,. 

__ lj,«4 

Calculated Pat%: 




_ 



% Methane 
in Total Bio-gas 

61.3 


59.4 


58.1 


ml Bio-gas 
Per Gram 
Wet Weight 

11.8 


11.5 


10.9 



ml Metl/ane 
Per Gram 

Wet Weight 7.2 6.8 
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Table 5s Mo-j^as and Motbano Pioduciion From the Anaerobic neromiosiilon 


of Alligator Weeds at Various pH 



Control (pH 6.61 


pH. I 


p H 


PH.i- 


Cum. 

Cum. 

Ctim. 

'urn. 

Cum. 

Cum. 

Cum. 

Cum. 

No . Pays 

Rio-gas 

Methane 

Bio-gaa 

i !• eth.ane 

nio~gas Methane 

Bi o-gas 

Metiiane 

K1 ansed 


(f"lJL 

(?ll) .. 

(nil _ 

C”llJ. 

Ml 

Ml _ 

in'll- 

5 

0 

0 

0 

0 

0 

0 

0 

0 

12 

45 

0 

44 

0 

35 

10 

HO 

y? 

20 

353 

15 

350 

25 

425 

230 

634 

447 

/i2 

940 

503 

972 

443 

1133 

V3C' 

1245 

852 

60 

1351 

7H8 

1300 

715 

1242 

ri05 

1790 

1385 

HI 

2075 

1363 

IrtOO 

106 ;, 

1660 

1107 

2490 

1H22 

102_ _ 

2726 

.\m 

2^ .. 



.2S35 

1622 

2me 

. 19(>4 


C al ciil at od 


% Methane 
in Total 
Hi o-gas 

58.1 

57.8 

64.0 

68.0 

ml Bio-gas 
Per Cram 
V.’et V/otght 

10.9 

10.2 

10.1 

11.5 

ml Methane 
Per Ci’am 
Wet Weight 

. 6.1 



_ 6^5 

1.8 . 
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